Background: Inflammation has a critical role in the pathogenesis and progression of cancer. The lymphocyte to monocyte ratio (LMR) could be shown to be prognostic in haematologic neoplasia. In this study, we analysed the LMR with clinical outcome in stage II and III colon cancer patients.
In Europe, similar to the United States, colorectal cancer ranks third place of cancer overall and even second leading cause of cancer-related death affecting both, males and females (Siegel et al, 2013) . There is still a high mortality caused by colorectal cancer, mainly resulting from tumour dissemination. Despite multiple systemic treatment options in advanced colon cancer, surgery is still the mainstay of treatment in non-metastatic disease. In nonmetastatic disease 5-year survival rates range from about 40 to 90 percent, depending on clinical stage (O'Connell et al, 2004) . 5-fluorouracil-based chemotherapy is the standard treatment for patients with stage III and high-risk stage II colon cancer after curative surgery (Schmoll et al, 2012) . However, a large number of colon cancer patients does not benefit from adjuvant treatment, either because these patients are cured by surgery alone or because they develop tumour recurrence or distant metastases despite adjuvant treatment. There is intense interest in the elucidation of prognostic and predictive biomarkers that will improve clinical outcome through patient classification. Despite the fact, that up to now, promising results for molecular biomarkers could be found, they still have not come to routine clinical practice, due to high costs or missing standardisation and evidence (Roth et al, 2010; Salazar et al, 2011) .
The knowledge about the bilateral influence of cancer and inflammation was discovered over a century ago; however, interest in this topic has revived in the last few years. Nevertheless, up to now, tumour-inflammation interaction has not been completely explained. The variation in systemic inflammatory cell amount might be a valuable pretreatment prognostic marker for stratifying patients at risk for tumour recurrence in colon cancer, as it could be shown for example in the neutrophil to lymphocyte ratio or platelet to lymphocyte ratio in various cancer entities (Gomez et al, 2008; Cho et al, 2009; Idowu et al, 2012; Kwon et al, 2012; Raungkaewmanee et al, 2012) .
One reason for these findings could be the accumulation of genetic failures over time, leading to oncogenic activation, simultaneously, inactivation of tumour suppressor genes, which are responsible for higher transcription of inflammatory mediators resulting in an inflammatory condition in tumour cell environment. Another reason might be, that tumour-related leukocytes, especially monocytes, which are main regulators of cancer inflammation, have an essential role in systemic inflammatory response to tumorous disease Mantovani et al, 2008) . Up to now there are no data in solid tumours regarding the lymphocyte to monocyte ratio as a prognostic marker. However, recent results in haematologic malignancies suggest that survival benefit is associated with an increased LMR (Li et al, 2012; Porrata et al, 2012a) . The LMR might be a good reflection of both, lymphopenia that is a surrogate marker of weak immune response and an increased monocyte count, standing for a microenvironment surrogate marker of high tumour burden.
On the basis of the recent findings and the biological plausibility, the aim of the present study was to investigate the clinical effect of the preoperative LMR for time to recurrence (TTR) and overall survival (OS) in a large cohort of patients with stage II and III colon cancer to provide an easily available biomarker.
MATERIALS AND METHODS

Subjects.
A total of 372 patients with histologically confirmed stage II and III colon cancer were included in this retrospective study. All patients were treated and/or included in the colon cancer surveillance programme between 1996 and 2011 at the Division of Clinical Oncology, Department of Medicine, Medical University of Graz, Austria. Follow-up care was performed in regular intervals (3 month intervals in years 1-3, 6 month intervals in years 4-5 and 12 month intervals in years 6-10 after diagnosis). Follow-up investigations included clinical check-up, laboratory including CEA and CA 19-9, radiological assessment (liver scan and chest X-ray every 6 months within the first 3 years) and colonoscopy every 2 years. Clinical and histopathological features were retrospectively obtained from the patients' history. Follow-up data of all patients were available. The preoperative white blood cell count was obtained within 3 days before surgery and performed for routine clinical practice. The LMR was calculated from this routinely performed preoperative blood cell count as the absolute count of lymphocytes divided by the absolute count of monocytes. Analysis of the white blood cell count was performed in the general routine laboratory of our hospital. This study has been approved by the Institutional Review Board (IRB) of the Medical University of Graz (25-137 ex 12/13).
Statistical analysis. The primary end point of the study was TTR; the secondary end point was OS. TTR was calculated from the date of diagnosis of colon cancer to the date of tumour recurrence and was censored at time of death or at the last follow up if the patients remained tumour free at that time. Overall survival was calculated from the time of diagnoses to the date of death of any cause. The optimal cutoff levels for the LMR were determined by applying receiver operating curve (ROC) analysis (Mroczko et al, 2007) . The LMR was correlated with the clinicopathological features by w 2 -test. The association between the clinicopathological features and the LMR with TTR and OS was analysed using Kaplan-Meier curves and compared by the log-rank test. In the multivariate Cox-regression analysis, the model was adjusted for prognostic clinicopathological factors significantly associated with TTR and OS in univariate analysis. Hazard ratios (HRs) estimated from the Cox-regression analysis were reported as relative risks with corresponding 95% confidence intervals (Roth et al, 2010) . All statistical analyses were performed using the Statistical Package for Social Sciences version 20.0 (SPSS Inc., Chicago, IL, USA). A two-sided Po0.05 was considered statistically significant.
RESULTS
Baseline patient characteristics and tumour biological factors are shown in Table 1 . The median age at time of diagnosis was 64 years (range 27 to 95 years). The median follow-up time was 68 months (range 1 to 190 months). Applying ROC analysis, the optimal cutoff levels for the LMR was 2.83 for TTR and 2.14 for OS, respectively. The ROC curves are shown in Figure 1A and B. The area under the curve was 0.60 for TTR and 0.62 for OS.
In our study cohort, we found significant associations between tumour invasion depth, lymph node involvement and clinical stage with TTR and OS (Table 1) . Since clinical stage derives from tumour invasion depth and lymph node involvements, only clinical stage was included in further multivariate models. None of the clinicopathological features were associated with the LMR (Table 2) .
Of the 372 colon cancer patients, 94 (25.3%) developed tumour recurrence and 72 (19.4%) died within the follow-up period. In 23 patients, the lymphocyte and/or monocyte count and therefore the LMR were missing. The tumour recurred in 69 (32.1%) out of 215 patients with a LMRp2.83 and in 21 (15.7%) out of 134 patients with a LMR42.83 (P ¼ 0.001). Death occurred in 39 (29.3%) out of 133 patients with a LMRp2.14 and in 28 (13%) out of 216 patients with a LMR42.14 (Po0.001), respectively. In four patients with tumour recurrence and five patients who died within the follow-up period the LMR was missing.
In univariate analysis, the elevated preoperative LMR was significantly associated with increased TTR (HR: 0.47, 95%CI: 0.29-0.76, P ¼ 0.002; Figure 2A ) and remained significant in the multivariate analysis including clinical stage (HR: 0.47, 95%CI: 0.29-0.76, P ¼ 0.002; clinical stage: HR: 2.38, 95%CI: 1.47-3.85, Po0.001). Patients with a LMR42.83 showed a median TTR of 127 months. In contrast, patients with a LMRp2.83 had a median TTR of 114 months. In OS analysis, the elevated preoperative LMR was significantly associated with increased OS in univariate analysis (HR: 0.48, 95%CI: 0.29-0.78, P ¼ 0.003; Figure 2B ) and multivariate analysis including clinical stage (HR: 0.51, 95%CI: 0.31-0.83, P ¼ 0.007; clinical stage: HR: 2.03, 95%CI: 1.16-3.53, P ¼ 0.013). Patients with a LMR42.14 showed a median OS of 139 months, whereas patients with a LMRp2.14 had a median OS of 124 months.
In interaction analysis for TTR, there was a significant association between LMR and clinical stage (P ¼ 0.005). Including only patients with stage II we found no significant association between LMR42.83 and TTR (HR 0.40, 95%CI 0.28-1.66, P ¼ 0.397; Figure 2C ). In patients with stage III, the association was significant (HR: 0.40, 95%CI: 0.22-0.72, P ¼ 0.002; Figure 2D ).
To evaluate if 'high-risk' patients based on LMRp2.83 benefit from adjuvant chemotherapy compared with surgery alone, we performed a Kaplan-Meier analysis and log-rank test for this subgroup. According to the treatment regimen (surgery alone versus adjuvant chemotherapy), no significant difference in TTR was identified in this high-risk subgroup (HR: 0.99; 95%CI: 0.60-1.63; P ¼ 0.953; Figure 2E ).
DISCUSSION
In the present study, we examined a large cohort of patients with stage II and III colon cancer and found a significant association between the lymphocyte to monocyte ratio and TTR and OS. In subanalyses for TTR, the association was limited to patients with stage III colon cancer. Furthermore, our results suggest that 'highrisk' patients based on LMRp2.83 do not benefit from adjuvant 5-FU-based chemotherapy. To the best of our knowledge this is the first study investigating the LMR in colon cancer, whereas the neutrophil to lymphocyte ratio and the derived neutrophil to lymphocyte ratio (absolute count of neutrophils divided by the absolute white cell count minus the absolute count of neutrophils; dNLR) and the platelet to lymphocyte ratio and their prediction on clinical outcome in different tumour entities have already been shown in various studies (Gomez et al, 2008; Cho et al, 2009; Kaneko et al, 2012; Raungkaewmanee et al, 2012; Absenger et al, 2013) .
Growing evidence suggests an important role of inflammation in cancer progression and metastasis. Dunn et al (2004) showed that lymphocytes are basic components of the adaptive and innate immune system and the cellular basis of immunosurveillance and immunoediting. Rabinowich et al (1987) found lymphocytes, infiltrating to tumour microenvironment as a trigger for an immunological antitumor reaction. Moreover CD8 þ and CD4 þ T-lymphocyte interaction among each other could be proven to be essential in anti-tumour reaction of the immune system, by inducing tumour cell apoptosis (Rosenberg, 2001 ; Zikos et al, 2011). In general, a low lymphocyte amount might be responsible for a weak, insufficient immunologic reaction to the tumour (Hoffmann et al, 2002) . Tumour-infiltrating leukocytes including neutrophils and monocytes, however, have a crucial role in tumour development and progression . Macrophages, which are more differentiated monocytes, develop from cells of the mononuclear phagocytic lineage that show specific phenotypic characteristics. The role of macrophages/monocytes in cancer development and progression is controversial, as inhibiting as well as enhancing potential of monocytes in human cancer have been shown (Mytar et al, 2008) . Previous data showed a protective effect of Kupffer cells (macrophages of the liver) by eliminating circulating tumour cells (Heuff et al, 1993) . This is line with a study by Fidler and Schroit (1988) demonstrating that macrophages are able to kill tumour cells. However, there is an increasing evidence that the tumour-associated macrophages (TAMs) enhance tumour progression. Poor clinical outcome associated with macrophage density could be shown by Bingle et al (2002) . Pollard and colleagues proved that macrophages support tumour-associated angiogenesis as well as tumour cell invasion, migration and intravasation and even lead to a suppression of anti-tumour immune reaction (Pollard, 2004; Condeelis and Pollard, 2006) . Colony-stimulating factor 1 (CSF-1), a major lineage regulator for macrophages (Pollard, 2009 ), was shown to be associated with poorer prognosis in different tumour entities including colorectal cancer (Mroczko et al, 2007) . Evani et al found that monocytes have a role in tumour metastasis in breast cancer by mediating the adhesion of tumour cells to the endothelium (Evani et al, 2013) . Similar results were found by Condeelis and Pollard (2006) , implicating macrophages for tumour cell migration and invasion. Moreover, macrophages are capable of producing SPARC/osteonectin, which is essential in forming metastasis (Sangaletti et al, 2008) . This evidence suggests a protumorous potential of monocytes due to formation of different macrophage phenotypes that promote the malignant process (Swann et al, 2008) . The circulating level of monocytes may reflect an increased production of tissue macrophages as a surrogate marker for high tumour burden. A recent meta-analysis summarises the impact of immune cells including lymphocytes and macrophages on clinical outcome from more than 120 published articles. Beyond colorectal cancer, a strong T-cell infiltration associated with good clinical outcome has been reported in many different tumours. High densities of T cells (CD3 þ ), of cytotoxic T cells (CD8 þ ) and of memory T cells (CD45RO þ ) were clearly associated with a longer disease-free survival (after surgical resection of the primary tumour) and/or OS. The prognostic impact of other immune cells such as macrophages may differ depending on the type of cancer and on the cancer stage (Mlecnik et al, 2011; Fridman et al, 2012; Galon et al, 2012; Bindea et al, 2013; Galon et al, 2013) . In our study cohort, an increased LMR was significantly associated with increased TTR and OS. This is in line with studies by Li et al (2012) and Batty et al showing similar results in diffuse large B-cell lymphoma (Batty et al, 2013) . In classic Hodgkin Lymphoma and nodular lymphocyte-predominant Hodgkin disease, Porrata et al (2012a, b) also identified the LMR as a prognostic marker. When we compared the effect of the LMR in patients with stage II and III separately, we found a significant association only in stage III but not in stage II. Furthermore, when the subgroup of patients with 'high-risk' LMRp2.83 was analysed, no benefit of adjuvant 5-FU-based chemotherapy could be found. The strength of this study is the large sample size and the long follow-up period. Moreover, the LMR provides an easy and general available and low price biomarker. However, because of the retrospective design of the study, we cannot fully exclude a selection bias in our study cohort. Since the white blood cell count was obtained preoperative for routine clinical practice and analysed in the general routine laboratory of our hospital, we did not perform specific quality control analysis. Furthermore, because of the exploratory nature of this study, we calculated optimised LMR cutoff levels for TTR und OS using ROC analysis. If different cutoff levels for different end points are valuable or if one threshold level can reliably predict different end points needs to be determined in validation studies. Finally, potential confounding factors, such as local or systemic infection, ischaemia, acute coronary syndrome, metabolic syndrome, diabetes mellitus and renal or hepatic dysfunction, that might affect the lymphocyte and monocyte counts have not been assessed.
Our study may support the conclusion that a low LMR is a negative prognostic marker in stage III colon cancer patients, and that high-risk patients based on the LMR do not benefit from adjuvant chemotherapy. Estimated TTR probability Estimated OS probability Estimated TTR probability 
